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Abstract
The impacts of climate change are considered to be strong in countries located in tropical Africa that depend on agri-
culture for their food, income and livelihood. Therefore, a better understanding of the local dimensions of adaptation
strategies is essential to develop appropriate measures that will mitigate adverse consequences. Hence, this study
was conducted to identify the most commonly used adaptation strategies that farm households practice among a set
of options to withstand the effects of climate change and to identify factors that affect the choice of climate change
adaptation strategies in the Central Rift Valley of Ethiopia. To address this objective, Multivariate Probit model was
used. The results of the model indicated that the likelihood of households to adapt improved varieties of crops, ad-
just planting date, crop diversification and soil conservation practices were 58.73 %, 57.72 %, 35.61% and 41.15%,
respectively. The Simulated Maximum Likelihood estimation of the Multivariate Probit model results suggested that
there was positive and significant interdependence between household decisions to adapt crop diversification and using
improved varieties of crops; and between adjusting planting date and using improved varieties of crops. The results
also showed that there was a negative and significant relationship between household decisions to adapt crop diver-
sification and soil conservation practices. The paper also recommended household, socioeconomic, institutional and
plot characteristics that facilitate and impede the probability of choosing those adaptation strategies.
Keywords: climate change, adaptation strategies, multivariate, maize, Ethiopia
1 Introduction
The main challenge for agriculture in the twenty-first
century is the need to nourish increasing numbers of
people while conserving the ongoing soil degradation
and water depletion in the face of limited resources and
growing pressures associated with an increasing global
population and changing diets (Tubiello, 2012). Cli-
mate change is already putting extra pressure on agri-
culture and its effects are expected to become more vital
in the future (Apata et al., 2009; Lobell et al., 2011b;
Rosenzweig et al., 2014). Despite technological ad-
vancements that have already been reached, the agri-
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cultural system is still highly dependent on the climatic
condition in many areas of the world (Müller et al.,
2011). For example, Parry (2007) has indicated that, by
2020, agricultural production would decline by 50 % in
some countries with rain-fed agriculture due to climate
change.
Climate change affects agriculture directly and indir-
ectly. Directly, it affects by influencing the weather vari-
ables such as rainfall, temperature, solar radiation, wind
speed and humidity (Sowunmi, 2010; Pryor et al., 2014;
Arimi, 2014). Indirectly, it affects through disease and
pest outbreak as well as favoring the development of cli-
mate related diseases like malaria that affect the work-
force (Newton et al., 2011).
Studies on global climate change indicated that de-
veloping nations are expected to withstand the worst of
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the associated damages (Ericksen et al., 2011; Skoufias
et al., 2011). Africa will be one of the continents
that will be hard hit by the impact of climate change,
though the continent represents only 3.6 percent of
emissions (Parry, 2007; Alemneh, 2011). Sub-Saharan
Africa (SSA) is arguably the most vulnerable region to
many unpleasant effects of climate change due to a very
high dependence on rain-fed agriculture (Cooper et al.,
2008). Thus, the impacts of climate change are likely
to fall unreasonably on poorer nations and on poorer
households. Ethiopia is among the most vulnerable
countries in SSA due to its great reliance on climate vul-
nerable economy (Conway & Schipper, 2011).
Ethiopian economy is an agrarian economy as agri-
culture comprises about 41.3 % of GDP, generates 90 %
of foreign exchange earnings, and employs more than
80 % of the population (MoFED, 2012). Currently, how-
ever, the performance of this sector is seriously eroded
due to climate change induced problems. It is estimated
that in Ethiopia, one drought event in 12 years lowers
GDP by 7 to 10 % and increases poverty by 12 to 14 %
(Makombe et al., 2011). The projected reduction in
the Ethiopian agricultural productivity due to climate
change can reduce average income by 30 percent over
the next 50 years (Gebreegziabher et al., 2011). Climate
change can also have a significant impact on the urban
dweller in terms of higher food prices, limited job op-
portunities in the agro-processing industries and expens-
ive imported food items due to foreign exchange short-
ages (Aragie, 2013). In addition to this, it can cause a
decline in biodiversity, increases in human and livestock
health problems, rural-urban migration and dependency
on external supports (Daniel, 2008). Therefore, adap-
tation strategies that minimize the negative outcomes
associated with changing climate are urgently needed.
Because a society with high adaptive capacity will be
less susceptible in the future than other communities to
the potentially detrimental and often unpredictable ef-
fects of climate change (Petheram et al., 2010). How-
ever, most of the farmers in the country have low access
to education, information, technology, and basic social
and support services, and, as a result, have low adaptive
capacity to deal with the consequences of climate vari-
ability and change (The World Bank Group, 2010).
The Central Rift Valley of Ethiopia (CRV) where this
study was conducted is evidently the hardest hit re-
gion of the country in terms of drought (Emana et al.,
2010). In CRV, fluctuations in precipitation and tem-
perature rates are directly affecting the production and
productivity of the agricultural systems (Deschênes &
Greenstone, 2007). In the area, poverty and degrada-
tion of natural resources are absolutely intertwined. On
the one hand, the harsh poverty forces people to ex-
haust natural resources in their fight for survival, on the
other hand, degraded natural resources worsen poverty
(Jansen et al., 2007). In general, the land, water re-
sources and ecosystem of the valley have been affected
by rapid population growth, deforestation, overgrazing
and soil erosion (Bekele & Drake, 2003; Legesse et al.,
2004). This diverse climate change in the study area
influences the livelihood activities of the farming com-
munity. However, farmers in the study area have been
responding to climate change through various adap-
tation strategies. Nevertheless, there was no empir-
ical data that substantiate or support the relationship
between existing adaptation strategies practiced by the
farmers in the area. The purpose of this study was, there-
fore, to identify the nature of the relationship that exist
between the adaptation strategies that have been used by
maize producing farmers of the CRV. Alongside this, the
paper also analyzed the factors that jointly facilitate and
impede the probability of choosing a particular adapta-
tion strategy.
2 Hypothesis of the research
H1: Climate change adaptation strategies of small-
holder maize producers of the Central Rift Val-
ley of Ethiopia are interdependent and farm-
ers adopt them as complements, substitutes or
supplements.
H2: The decision by the maize producers of the
Central Rift Valley of Ethiopia to adapt a cli-
mate change adaptation strategy is influenced
significantly by the plot, household, socioeco-
nomic, institutional and environmental charac-
teristics.
3 Maize production in Ethiopia
Maize is the most widely distributed cereal crops in
the world. According to The World Bank Group (2011),
in developed countries 70 % of maize is destined for
feed, 3 % is consumed directly by humans and the re-
maining is used for bio-fuels, industrial products and
seed. While in SSA outside of South Africa, 77 % of
maize is used as food and only 12 % serves as a feed.
Maize covers 25 million ha in SSA, largely by small-
holder farmers that produced 38 million tons in 2008,
primarily for food. Despite the importance of maize in
SSA, yields remain low (Shiferaw et al., 2011). While
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maize yields in the top five maize producing countries in
the world (USA, China, Brazil, Mexico and Indonesia)
have increased three-fold since 1961 (from 1.84 t ha −1
to 6.10 t ha−1), maize yields in SSA have stagnated at
less than 2 t ha−1, (Cairns et al., 2013).
In Ethiopia, maize accounts for the largest share of
production by volume and is produced by more farms
than any other crop. CSA (2012a) indicated that about
nine million smallholders were involved in maize pro-
duction in the 2011/12 production season. The same
source also indicated that maize covered about 2.05 mil-
lion ha of land at the national level that is equivalent to
21.43 % of the total area covered by all cereals. Out
of this area, 30.64 % of the land was covered by im-
proved seed varieties and 23.26 % and 27.7 % of the
land had utilized organic and inorganic fertilizer, re-
spectively. The total output of maize in the same year
at national level was 60.69 million qt that is 32.27 % of
the total cereal production in the same year.
Maize is more susceptible to climate change com-
pared to other crops (Schlenker & Lobell, 2010). About
40 % of Africa’s maize producing areas face irregular
drought stress in which yield losses are 10–25 % and
25 % of the maize crop suffers recurrent drought, with
losses of up to half the harvest (CIMMYT, 2013). The
findings of Slingo et al. (2005) indicated that maize
crops, tend to have the highest water requirement when
the maximum leaf area index combines with the highest
evaporative demand. Thus, maize crop is very suscep-
tible to water shortfall during its critical period for two
reasons: high water requirement in terms of evapotran-
spiration and high physiological sensitivity when de-
termining its principal yield components such as the
number of ears per plant and number of kernels per ear
(Omoyo et al., 2015). Specifically, in Africa, under
non-drought conditions 65 % of the area that is under
maize cultivation would experience yield losses from a
uniform 1°C warming. Under drought conditions, this
figure will increase to 100 %, with 75 % of this area suf-
fering yield losses of at least 20 % (Lobell et al., 2011a).
4 Methodology
4.1 Description of study areas
This study was undertaken in the Central Rift Valley
Ethiopia (CRV), explicitly in Arsi-Negele district. Geo-
graphically, it is situated at 7° 09′–7°41′ N and 38° 25′–
38° 54′ E. The study area covers three agro-ecological
zones (low, mid and high land) based on temperature,
rainfall, altitude and vegetation (ICRA, 2002). The tem-
perature of the area ranges from 16°C to 25°C and an-
nual rainfall ranges between 500–1150mm. The topo-
graphy of the area is a gentle slope or flatter. Some parts
of the highlands in the study area are covered by natural
forest, bush and shrub. The main crops grown in the
area include wheat, maize, teff, barley, sorghum, onion
and potato. The rainfall of the area is a bimodal, with
short rain occurring from February to April and the main
rain from June to October. The short rain allows farmers
to grow potato early and later replace by small cereals
specifically wheat. Livestock are an important compon-
ent of the farming system and a source of intermediate
products in the district. The area is intensively cultivated
and private grazing land is unavailable. Communal pas-
ture and straw from crops are the main source of feed
for livestock production. According to CSA (2012b),
the district has a total population of 303,223 of which
150,245 are male and 152,978 are females.
4.2 Data sources and collection methods
A combination of purposive and random sampling
techniques was employed to draw sample respondents
for this study. Firstly, Arsi Negelle district was selec-
ted since it is one of the major maize producing areas in
CRV. A two-stage random sampling technique was then
applied to select sample households. In the first stage,
three Kebeles namely, Refu-Hargisa, Meko-Oda and
Aliweyo were selected from the district. In the second
stage, 135 household heads were selected randomly us-
ing probability proportional to size. The data were
collected by preparing and distributing semi-structured
questionnaire. The schedule was first pre-tested; and
based on the result of the pre-test some modifications
were made on the questionnaire before the execution of
the formal survey. Enumerators who are familiar with
the study area, who can understand the local language
and who have prior experience in data collection were
recruited.
4.3 Methods of data analysis
Descriptive statistical tools and econometrics model
were employed to analyze the collected data. Descrip-
tive statistics such as mean, percentage and frequency
were used to explain the different socioeconomic char-
acteristics of the sample respondent households. In the
econometrics part, Multivariate Probit model (MVP)
was used to identify factors that are determining the
choice of adaption strategies of farmers. This model was
also used to examine the tradeoffs and complementari-
ties that exist between the strategies that have been ad-
opted by farmers. This technique simultaneously mod-
els the influence of the set of explanatory variables on
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Fig. 1: Location of the study area in Oromia Regional State of Ethiopia
each of the different strategies while allowing for the
potential correlation between unobserved disturbances,
as well as the relationship between the strategies of dif-
ferent practices (Kassie et al., 2009). The results on cor-
relation coefficients of the error terms indicate that there
is complementarity (positive correlation) and substituta-
bility (negative correlation) between different adaptation
options being used by farmers. Failure to capture un-
observed factors and interrelationships among adapta-
tion strategies will lead to bias and inefficient estimates
(Greene, 2008).
Following Lin et al. (2005), the MVP model for this
study is characterized by a set of m binary dependent
variables Yhj such that:
Y∗hj = X
′





1 if Y∗hj > 0
0 otherwise
(2)
Where j = 1, 2 . . .m denotes the type of adaptation
strategy available; X ′hj is a vector of explanatory vari-
ables, β j denotes the vector of parameter to be estima-
ted, and uhj are random error terms distributed as mul-
tivariate normal distribution with zero mean and uni-
tary variance. It is assumed that a rational hth farmer
has a latent variable, Y ∗hj which captures the unobserved
preferences or demand associated with the j th choice of
adaptation strategy.
5 Results and discussion
5.1 Characteristics of the sample respondents
The mean age of the sample farmers was about 42
years with a range of 22 to 70 years (Table 1). On aver-
age, the sample respondents have cultivated maize for
about 20 years. The family size of the sample respond-
ents ranged from one to 13 with a mean of 5.73 persons
per household. Concerning their literacy level, the mean
educational level of sample respondents was 4.56. The
minimum size of land cultivated by the respondents was
0.50 ha while the mean was 1.85 ha. On average, re-
spondent farmers owned livestock of 8.46 TLU ranging
from zero to 81.11 TLU. The survey result showed that
44 % of the sample farmers accessed credit from differ-
ent sources.
All of the sample respondents reported that they re-
ceived extension services though the frequency of con-
tact differs. About 65 % of respondents have indicated
that they had extensive contact on a weekly basis. While
a nearly quarter of the sample respondents had contact
with extension workers twice a month. Forty percent of
respondents indicated that they have social responsibil-
ities such as religious, administrative and/or community
leadership roles. The mean distance from the nearest
market to the homestead was 3.80 kilometres. On aver-
age, the plots are 0.84 kilometres far from homestead.
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Table 1: Summary of the explanatory variables hypothesized to affect adaptation to
climate change
Variable Mean Std. Dev. Min Max
Age 42.46 11.21 22 70
Education 4.56 4 0 12
Family Size 5.73 2.24 1 13
Experience 20.3 10.63 2 50
Off/nonfarm income 460.12 1592.55 0 10800
Social responsibility 0.40 0.49 0 1
Size of cultivated land 1.85 1.25 0.50 7
Tropical Livestock Unit (TLU) 8.46 11.57 0 81.11
Extension contact 38.04 13.68 12 48
Credit 0.44 0.5 0 1
Distance to market 3.80 1.94 0.10 9
Plot to home distance 0.84 0.97 0.01 5
Source: Survey results
5.2 Climate change adaptation strategies
The sampled households were asked if they have used
adaptation strategies to reduce the impact of climate
change. Accordingly, they reported that they were using
different adaptation strategies to reduce the negative im-
pact of climate change. These include, use of improved
crop varieties, soil conservation techniques, crop diver-
sification and adjusting planting dates. These strategies,
however, are mostly used in combination with one an-
other (Table 2).
Table 2: Summary of adaptation strategies used by farmers
Adaptation strategies
Number of
respondents (n= 135) Percent *
Use of improved crop varieties 80 59.26
Adjusting planting date 79 58.52
Crop diversification 48 35.56
Soil conservation practices 56 41.48
Source: Survey results
* Percentage cannot be added to 100 as a farmer can have more
than one adaptation strategy
One of the most commonly used adaptation options
used to cope with the adverse effect of climate change in
the study area is using improved crop varieties. About
60 % of farmers used improved crop varieties (such as
drought resistant and short maturing varieties of crops)
as adaptation strategy to reduce the adverse effect of cli-
mate change. Around 58 % of sample households used
adjusting planting date (from early planting to late plant-
ing or vice versa) as adaptation strategy to reduce the
adverse effect of climate change on their farm.
Crop diversification is also a common practice in the
study area. From the total sampled households, 35.56 %
of them used crop diversification as adaptation strategy
to reduce the adverse effect of climate change on farm.
Out of the total sampled households, 41.48 % of them
also used soil conservation as adaptation strategy to re-
duce the adverse effect of climate change on farm.
5.3 Relationship between the climate change adapta-
tion strategies
The results of the correlation coefficients of the er-
ror terms are significant for any pairs of equations in-
dicating that they are correlated (Table 3). The correl-
ation coefficients are statistically different from zero in
3 of the 6 cases, confirming the appropriateness of the
MVP specification. The result of the model shows that
the likelihood of households to adapt improved variet-
ies of crops, adjusting planting date, use of crop diver-
sification and soil conservation practices were 58.73%,
57.72 %, 35.61 % and 41.15%, respectively. The result
also shows that the joint probability of using all adapta-
tion strategies was only 7.74 % and the joint probability
of failure to adopt all of the adaptation strategies was
14.56 %.
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Table 3: Correlation matrix of the adaptation strategies from the MVP model
Crop Diversification Adjusting planting date Improved crop varieties Soil conservation
Rho2 0.22 (0.156)
Rho3 0.32 (0.148) ** 0.38 (0.142) ***
Rho4 –0.34 (0.156) ** 0.11 (0.159) 0.18 (0.164)
Predicted probability 0.3561 0.5772 0.5873 0.4115
Joint probability (success) 0.0774
Joint probability (failure) 0.1456
Log likelihood –278.86
Likelihood ratio test of Rhoi j = 0, P > χ2(6) 0.0011
Numbers in the parentheses are standard errors
*** and ** significant at 1 % and 5 % probability level, respectively.
The Simulated Maximum Likelihood estimation of
the MVP results suggested that there was positive
and significant interdependence between household de-
cisions to adapt crop diversification and using improved
varieties of crops; and between adjusting planting date
and using improved crop varieties. The Simulated
Maximum Likelihood estimation results also suggested
that there was negative and significant interdependence
between household decisions to adapt crop diversifica-
tion and soil conservation practices.
5.4 Determinants of farmers’ choice of adaptation
strategies
Though farmers adopt a combination of strategies to
reduce the impact of climate change, there would be a
number of factors that can influence their decision to
choose a particular strategy. This section has identi-
fied those variables, which determine the use of various
adaptation strategies using MVP (Table 4). The selec-
tion of those explanatory variables for the model was
done through literature review. The results of the model
shows that the adaptation decisions of households to dif-
ferent strategies are quite distinct and largely factors
governing the adaptation decision of each of them are
also different indicating the heterogeneity in the adapta-
tion strategies.
The square of age of the household head was found
to have an inverse relationship with crop diversification
strategy. Thus, middle age farmers are more interested
in crop diversification strategy than the very young and
older ones. Since farming as any other professions need
to accumulate knowledge, skill and physical capability,
it is decisive in determining the right cropping portfo-
lio. The knowledge, the skills as well as the physical
capability of farmers are likely to increase as their age
increases. However, this tends to decrease after a cer-
tain age level. Moreover, older farmers may be more in-
terested in following traditional methods that are famil-
iar to them rather than adapting new practices (Acquah,
2011; Quayum & Ali, 2012).
The educational level of household head was found
to have positive and significant relation with the use
of crop diversification and adjusting time adaptation
strategies. This result showed that education increases
the awareness of farmers about the consequence of cli-
mate change on productivity and the benefit of crop di-
versification and adjusting of planting time to reduce the
impact of climate change. This finding is in line with
the investigation of Deressa et al. (2008), Uddin et al.
(2014) and Zuluaga et al. (2015).
The model result showed that family size has nega-
tive and significant impact on the likelihood of using
improved crop varieties and soil conservation as adap-
tation strategy to reduce the negative impact of climate
change. The possible reason for the inverse relationship
between family size and using improved crop varieties is
that increase in family size would increase expenditure
for home consumption and creates financial constraints
for other inputs such as improved crop varieties. This
finding is in line with the investigation of Tazeze et al.
(2012) and Zuluaga et al. (2015).
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Table 4: Multivariate probit simulation results for households’ climate change adaptation decisions
Variables
Crop Diversification Adjusting planting date Improved crop varieties Soil Conservation
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Age2 0.0006 ** 0.0003 –0.0005 0.0003 –0.0002 0.0003 –0.0003 0.0003
Education 0.1645 *** 0.0353 0.0628 * 0.0328 0.05068 0.03246 –0.0099 0.0306
Family size –0.0792 0.0666 –0.0962 0.0651 –0.10692* 0.06244 –0.1284 ** 0.0627
Experience –0.0162 0.0272 0.0646** 0.0287 0.02203 0.02748 0.0269 0.0267
Off/nonfarm income 0.0001 0.0001 –0.0001 0.0001 0.00002 0.00009 0.0001 0.0001
Social responsibility –0.8033 *** 0.2892 –0.4880 * 0.2701 –0.0264 0.25903 –0.6041** 0.266
Cultivated land –0.27 0.18 –0.0447 0.1805 –0.2185 0.17194 0.1404 0.1596
Tropical Livestock Unit (TLU) 0.025 0.0184 0.012 0.0181 0.04358* 0.02386 0.0081 0.0172
Extension contact 0.0842 0.1296 0.5037*** 0.1387 0.50489 *** 0.12766 0.1487 0.1252
Credit 0.5112 0.2738 0.5347 ** 0.2646 0.0387 0.25839 0.0349 0.2554
Distance to market –0.104 0.068 –0.1733** 0.0737 –0.0337 0.06635 0.2401*** 0.0638
Plot to home distance –0.0689 0.1334 –0.5577*** 0.1862 –0.31852 ** 0.15236 –0.1851 0.1664
_cons –1.1518 0.6432 –0.3176 0.6873 –0.4767 0.62627 –0.8194 0.6182
Log likelihood = –272.76792; Prob > χ2= 0.0000
*** , **, and * significant at 1 %, 5 %, and 10 % probability level, respectively.
The negative relation between family size and soil
conservation adaptation strategy may be due to the fact
that households with larger family size may be forced
to switch part of the labor force to off-farm or non-farm
activities in an effort to earn income in order to ease
the consumption pressure imposed by a large family.
This finding is in line with the finding of Legesse et al.
(2013).
An increase in the experience of a household head has
positive relationship with adjusting planting dates. This
is because as the farming experience of the household
head increases, the farmer is expected to acquire more
experience in weather forecasting. Therefore, they can
easily adjust themselves to climate change stresses. This
result is consistent with Hassan & Nhemachena (2008).
The results also indicated that frequency of extension
visit to the households has a positive and significant im-
pact on adjusting planting date and use of improve crop
varieties. An extension service is an important source
of information on climate change as well as agricul-
tural production and management practices in the coun-
try (Nhemachena & Hassan, 2007). This implies that
farmers with more access to information and technical
assistance on agricultural activities have more aware-
ness about the consequence of climate change. This re-
sult is consistent with Nhemachena & Hassan (2007),
Deressa et al. (2009), Deressa et al. (2011), Di Falco
et al. (2011), Fosu-Mensah et al. (2012) and Zuluaga
et al. (2015).
Distance from the market center is associated with
soil conservation and use of adjusting planting date as
an adaptation strategy with opposite signs. The negative
relation between market distance and adjusting planting
dates as adaptation strategy is plausible because the mar-
ket serves as a means of exchanging information with
other farmers (Maddison, 2007). Better access to market
enable farmers to obtain information on climate change
and other important inputs they may need if they are to
change their practices to cope with predicted changes in
future climate. When farmers are far from the market,
the transaction cost for acquiring input will be high, and
this will in turn, reduce the relative advantage of adapt-
ing new technologies/ strategy. This finding is in line
with the investigation of Tazeze et al. (2012).
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The positive relationship between soil conservation
strategy and distance to the market implies farmers who
are far from the market choose soil conservation strategy
and this may be due to the fact that as the farmer become
far from the market, getting inputs such as improved
seed from the market become costly for them. This will
force them to choose labor-intensive adaptation meas-
ures such as soil and water conservation. The other
reason for this relationship may be since they are far
away from the market, they will have less opportunities
to participate in off-farm or non-farm activities, which
will in turn allow them to invest in labor-intensive adap-
tation measures such as soil and water conservation.
Distance between the farm where maize was culti-
vated and the residence of the respondents was found to
have a negative relation with adjusting planting date and
using improved crop varieties as adaptation strategies
to mitigate the impact of climate change. This is
reasonable because as the farm becomes far from the
homestead it will receive less attention as the farmer re-
quires longer time to visit the farm and manage it prop-
erly.
Livestock ownership is an important variable affect-
ing adaption decision at the farm level. The owner-
ship of livestock of the households has a positive and
significant impact on use of improved crop varieties as
adaptation strategy. The possible reason could be if the
farmer possesses more number of livestock will have
better capacity to purchase agricultural inputs as income
obtained from livestock serves for investment on crop
production. The result is in line with the finding of De-
ressa et al. (2011) and Okonya et al. (2013).
The results also indicated that access to credit has a
positive and significant impact on the likelihood of ad-
justing planting date. With more financial and other
resources at their disposal, farmers are able to change
their management practices in response to changing cli-
matic and other factors and are better able to make use
of all the available information they might have on chan-
ging conditions both climatic and other socioeconomic
factors. The finding is in line with the investigation of
Nhemachena & Hassan (2007), Deressa et al. (2011),
Di Falco et al. (2011), Fosu-Mensah et al. (2012),
Temesgen et al. (2014) and Zuluaga et al. (2015).
Meanwhile, social responsibility was found to have
an inverse relation with crop diversification, adjusting
cropping date and soil conservation. This is plausible
because household who spent more time on social re-
sponsibility may not carry out major farm activities on
time.
6 Conclusion and policy implications
The study attempted to identify factors affecting the
choice of climate change adaptation strategies used by
maize producing farmers of CRV based on data collec-
ted from 135 sampled households. Adaptation strategies
used by farmers in the study area include adjusting
planting date, use of soil conservation techniques, use
of improved crop varieties and crop diversification.
This study examined determinants of household level
climate change adaptation strategies using MVP model.
The model allows the simultaneous identification of the
determinants of all adaptation options, thus limiting po-
tential problems of correlation between the error terms.
Correlation results between the error terms of differ-
ent equations were significant indicating various adap-
tation strategies tend to be used by households in a
complementary or substitute fashion. The results of the
model showed that the likelihood of households to ad-
apt improved varieties of crops, adjust planting date,
use crop diversification and soil conservation practices
were 58.73 %, 57.72 %, 35.61 % and 41.15%, respect-
ively. The results also showed that the joint probability
of using all adaptation strategies was only 7.7 % and the
joint probability of failure to use all of the adaptation
strategies was 14.56 %.
The model results also confirmed that square of the
age of the farmers, educational level of the household
head, family size, maize production experience, size of
Livestock units, frequency of extension contact, credit
utilization, social responsibility, distance to the nearest
market and distance between plot and home have sig-
nificant impact on the choice of farmers’ climate change
adaptation strategies.
Thus, the results of the study provide information to
policy makers and extension workers on how to improve
farm level adaptation strategies and identify the deter-
minants for adaptation strategies. These findings stress
the need for appropriate policy formulation and imple-
mentation which enables farmers to reduce the impact
of climate change as this is expected to have multiplier
effects ranging from farm productivity growth to eco-
nomic growth and poverty reduction at the macro level.
Acknowledgements
The author gratefully acknowledges Kumilachew
Alamerie, Eden Andualem, anonymous referees and the
editor of the journal for their insightful and valuable
comments. Enumerators, sample respondents and ex-
tension staff of the ministry of agriculture are also highly
appreciated for their efforts that led to the success of this
study.
Musa Hasen Ahmed / J. Agr. Rural Develop. Trop. Subtrop. 117 - 1 (2016) 175–186 183
References
Acquah, H. D. (2011). Farmers’ perception and adap-
tation to climate change: A willingness to pay ana-
lysis. Journal of Sustainable Development in Africa,
13 (5), 150–161.
Alemneh, D. (2011). Strengthening capacity for cli-
mate change adaptation in the agriculture sector in
Ethiopia. Proceedings from National Workshop Held
in Nazreth, Ethiopia 5–6 July 2010, Proceedings from
National Workshop Held in Nazreth, Ethiopia 5–6
July 2010.
Apata, T. G., Samuel, K. D. & Adeola, A. O. (2009).
Analysis of climate change perception and adaptation
among arable food crop farmers in South Western Ni-
geria. Contributed paper prepared for presentation
at the International Association of Agricultural Eco-
nomists’ 2009 conference, Beijing, China, August 16
(Vol. 22).
Aragie, E. A. (2013). Climate change, growth, and
poverty in Ethiopia. The Robert S. Strauss Center for
International Security and Law, University of Texas
at Austin.
Arimi, K. (2014). Determinants of climate change adap-
tation strategies used by rice farmers in Southwestern,
Nigeria. Journal of Agriculture and Rural Develop-
ment in the Tropics and Subtropics, 115 (2), 91–99.
Bekele, W. & Drake, L. (2003). Soil and water con-
servation decision behavior of subsistence farmers
in the Eastern Highlands of Ethiopia: a case study
of the Hunde-Lafto area. Ecological Economics,
46 (3), 437–451.
Cairns, J. E., Hellin, J., Sonder, K., Araus, J. L., Mac-
Robert, J. F., Thierfelder, C. & Prasanna, B. M.
(2013). Adapting maize production to climate change
in sub-Saharan Africa. Food Security, 5 (3), 345–360.
CIMMYT (2013). The drought tolerant maize for Africa
project. DTMA Brief. URL http://dtma.cimmyt.
org/index.php/about/background
Conway, D. & Schipper, E. L. F. (2011). Adaptation to
climate change in Africa: Challenges and opportun-
ities identified from Ethiopia. Global Environmental
Change, 21 (1), 227–237.
Cooper, P. J. M., Dimes, J., Rao, K. P. C., Shapiro, B.,
Shiferaw, B. & Twomlow, S. (2008). Coping better
with current climatic variability in the rain-fed farm-
ing systems of sub-Saharan Africa: An essential first
step in adapting to future climate change? Agricul-
ture, Ecosystems & Environment, 126 (1), 24–35.
CSA (2012a). Statistical report on area and crop pro-
duction, Addis Ababa, Ethiopia. Central Statistical
Agency (CSA).
CSA (2012b). Statistical report on population projected
figures for the year 2012. Ethiopian Central Statistical
Agency (CSA), Addis Ababa.
Daniel, K. (2008). Impacts of climate change on
Ethiopia: a review of the literature. In: Green Forum
(ed.), Climate Change A Burning Issue for Ethiopia:
Proceedings of the 2nd Green Forum Conference
Held in Addis Ababa, 31 October–2 November 2007.
Green Forum, Addis Ababa.
Deressa, T., Hassan, R. M., Alemu, T., Yesuf, M. &
Ringler, C. (2008). Analyzing the determinants of
farmers’ choice of adaptation methods and percep-
tions of climate change in the Nile Basin of Ethiopia.
IFPRI Discussion Paper 00798, International Food
Policy Research Institute (IFPRI), Washington D.C.
Deressa, T. T., Hassan, R. M. & Ringler, C. (2011). Per-
ception of and adaptation to climate change by farm-
ers in the Nile basin of Ethiopia. The Journal of Ag-
ricultural Science, 149 (1), 23–31.
Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T. &
Yesuf, M. (2009). Determinants of farmers’ choice
of adaptation methods to climate change in the Nile
Basin of Ethiopia. Global Environmental Change,
19 (2), 248–255.
Deschênes, O. & Greenstone, M. (2007). The economic
impacts of climate change: evidence from agricul-
tural output and random fluctuations in weather. The
American Economic Review, 97 (1), 354–385.
Di Falco, S., Veronesi, M. & Yesuf, M. (2011). Does
adaptation to climate change provide food secur-
ity? A micro-perspective from Ethiopia. American
Journal of Agricultural Economics, 93 (3), 829–846.
Emana, B., Gebremedhin, H. & Regassa, N. (2010). Im-
pacts of improved seeds and agrochemicals on food
security and environment in the rift valley of Ethiopia:
implications for the application of an African green
revolution. DCG Report No. 56, Drylands Coordina-
tion Group, Norway.
Ericksen, P. J., Thornton, P. K., Notenbaert, A., Cramer,
L., Jones, P. & Herrero, M. (2011). Mapping hotspots
of climate change and food insecurity in the global
tropics. CCAFS Report No. 5, CGIAR Research Pro-
gram on Climate Change.
184 Musa Hasen Ahmed / J. Agr. Rural Develop. Trop. Subtrop. 117 - 1 (2016) 175–186
Fosu-Mensah, B. Y., Vlek, P. L. & MacCarthy, D. S.
(2012). Farmers’ perception and adaptation to cli-
mate change: a case study of Sekyedumase district in
Ghana. Environment, Development and Sustainabil-
ity, 14 (4), 495–505.
Gebreegziabher, Z., Stage, J., Mekonnen, A. & Alemu,
A. (2011). Climate change and the Ethiopian eco-
nomy: A computable general equilibrium analy-
sis. Environment for Development, Discussion Paper
Series, EfD DP 11-09.
Greene, W. H. (2008). Econometric Analysis. 7th Edn..
Prentice Hall, New Jersey.
Hassan, R. & Nhemachena, C. (2008). Determinants
of African farmers’ strategies for adapting to cli-
mate change: Multinomial choice analysis. African
Journal of Agricultural and Resource Economics,
2 (1), 83–104.
ICRA (2002). Food security among households in
the different agro ecological zones in Arsi Negele
Woreda, Ethiopia. International Center for Develop-
ment Oriented Research in Agriculture (ICRA).
Jansen, H. C., Hengsdijk, H., Legesse, D., Ayenew, T.,
Hellegers, P. & Spliethoff, P. (2007). Land and wa-
ter resources assessment in the Ethiopian Central Rift
Valley: Project: Ecosystems for water, food and eco-
nomic development in the Ethiopian Central Rift Val-
ley. Alterra-rapport 1587, Alterra, Wageningen.
Kassie, M., Zikhali, P., Manjur, K. & Edwards, S.
(2009). Adoption of sustainable agriculture practices:
Evidence from a semi-arid region of Ethiopia. Nat-
ural Resources Forum, 33 (3), 189–198.
Legesse, B., Ayele, Y. & Bewket, W. (2013). Small-
holder farmers’ perceptions and adaptation to climate
variability and climate change in Doba district, west
Hararghe, Ethiopia. Asian Journal of Empirical Re-
search, 3 (3), 251–265.
Legesse, D., Vallet-Coulomb, C. & Gasse, F. (2004).
Analysis of the hydrological response of a tropical
terminal lake, Lake Abiyata (Main Ethiopian Rift
Valley) to changes in climate and human activities.
Hydrological Processes, 18 (3), 487–504.
Lin, C. T. J., Jensen, K. L. & Yen, S. T. (2005). Aware-
ness of foodborne pathogens among US consumers.
Food Quality and Preference, 16 (5), 401–412.
Lobell, D. B., Bänziger, M., Magorokosho, C. & Vivek,
B. (2011a). Nonlinear heat effects on African maize
as evidenced by historical yield trials. Nature Climate
Change, 1, 42–45.
Lobell, D. B., Schlenker, W. & Costa-Roberts, J.
(2011b). Climate trends and global crop production
since 1980. Science, 333 (6042), 616–620.
Maddison, D. J. (2007). The perception of and adapta-
tion to climate change in Africa. World Bank Policy
Research Working Paper 4308.
Makombe, G., Namara, R., Hagos, F., Awulachew,
S. B., Ayana, M. & Bossio, D. (2011). A compar-
ative analysis of the technical efficiency of rain-fed
and smallholder irrigation in Ethiopia. IWMI Work-
ing Paper 143, International Water Management In-
stitute, Colombo, Sri Lanka.
MoFED (2012). Growth and transformation Plan
(2010/11–2014/15). Annual progress report for F.Y.
2011/12. Ministry of Finance and Economic Devel-
opment (MoFED), Addis Ababa, Ethiopia.
Müller, C., Cramer, W., Hare, W. L. & Lotze-Campen,
H. (2011). Climate change risks for African agricul-
ture. Proceedings of the National Academy of Sci-
ences, 108 (11), 4313–4315.
Newton, A. C., Johnson, S. N. & Gregory, P. J. (2011).
Implications of climate change for diseases, crop
yields and food security. Euphytica, 179 (1), 3–18.
Nhemachena, C. & Hassan, R. (2007). Micro-Level An-
alysis of Farmers’ Adaptation to Climate Change in
Southern Africa. IFPRI Discussion Paper No. 714,
International Food Policy Research Institute, Wash-
ington, DC.
Okonya, J. S., Syndikus, K. & Kroschel, J. (2013).
Farmers’ perception of and coping strategies to cli-
mate change: evidence from six Agro-ecological
zones of Uganda. Journal of Agricultural Science,
5 (8), 252–263.
Omoyo, N. N., Wakhungu, J. & Oteng’i, S. (2015). Ef-
fects of climate variability on maize yield in the arid
and semi arid lands of lower eastern Kenya. Agricul-
ture & Food Security, 4 (8).
Parry, M. L. (ed.) (2007). Climate Change 2007: im-
pacts, adaptation and vulnerability: contribution of
Working Group II to the fourth assessment report of
the Intergovernmental Panel on Climate Change (Vol.
4). Cambridge University Press.
Petheram, L., Zander, K. K., Campbell, B. M., High,
C. & Stacey, N. (2010). ‘Strange changes’: Indigen-
ous perspectives of climate change and adaptation in
NE Arnhem Land (Australia). Global Environmental
Change, 20 (4), 681–692.
Musa Hasen Ahmed / J. Agr. Rural Develop. Trop. Subtrop. 117 - 1 (2016) 175–186 185
Pryor, S. C., Scavia, D., Downer, C., Gaden, M., Iver-
son, L., Nordstorm, R., Patz, J. & Robertson, G. P.
(2014). Midwest. In: Melillo, J. M., Terese (T.C.)
Richmond & Yohe, G. W. (eds.), Climate Change Im-
pacts in the United States: The Third National Cli-
mate Assessment. ch. 18, pp. 418–440, U.S. Global
Change Research Program, Washington, D.C.
Quayum, M. A. & Ali, A. M. (2012). Adoption and
diffusion of power tillers in Bangladesh. Bangladesh
Journal of Agricultural Research, 37 (2), 307–325.
Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A. C.,
Müller, C., Arneth, A., Boote, K. J., Folberth, C.,
Glotter, M., Khabarov, N., Neumann, K., Piontek, F.,
Pugh, T. A. M., Schmid, E., Stehfest, E., Yang, H. &
Jones, J. W. (2014). Assessing agricultural risks of
climate change in the 21st century in a global grid-
ded crop model intercomparison. Proceedings of the
National Academy of Sciences, 111 (9), 3268–3273.
Schlenker, W. & Lobell, D. B. (2010). Robust negative
impacts of climate change on African agriculture. En-
vironmental Research Letters, 5 (1), 1–8.
Shiferaw, B., Prasanna, B. M., Hellin, J. & Bänziger, M.
(2011). Crops that feed the world 6. Past successes
and future challenges to the role played by maize in
global food security. Food Security, 3 (3), 307–327.
Skoufias, E., Rabassa, M. & Olivieri, S. (2011). The
poverty impacts of climate change: a review of the
evidence. World Bank Policy Research Working Pa-
per No. 5622, The World Bank, Washington, DC.
Slingo, J. M., Challinor, A. J., Hoskins, B. J. &
Wheeler, T. R. (2005). Introduction: food crops in
a changing climate. Philosophical Transactions of
the Royal Society of London B: Biological Sciences,
360 (1463), 1983–1989.
Sowunmi, F. A. (2010). Effect of climatic variability
on maize production in Nigeria. Research Journal of
Environmental and Earth Sciences, 2 (1), 19–30.
Storck, H., Emana, B., Adnew, B., Borowiccki, A.
& Woldehawariat, S. (1991). Farming systems and
resource economics in the tropics: farming system
and farm management practices of smallholders in
the Hararghe Highland. Vol. II. Wissenschaftsverlag
Vauk, Kiel, Germany.
Tazeze, A., Haji, J. & Ketema, M. (2012). Climate
change adaptation strategies of smallholder farmers:
The case of Babilie district, East Harerghe zone of
Oromia regional state of Ethiopia. Journal of Eco-
nomics and Sustainable Development, 3 (14), 1–12.
Temesgen, D., Yehualashet, H. & Rajan, D. S. (2014).
Climate change adaptations of smallholder farmers in
South Eastern Ethiopia. Journal of Agricultural Ex-
tension and Rural Development, 6 (11), 354–366.
The World Bank Group (2010). Economics of Adap-
tation to Climate Change, Ethiopia Country Study.
Washington, DC. URL http://climatechange.
worldbank.org/content/Ethiopia
The World Bank Group (2011). Maize revolutions in
Sub-Saharan Africa: Policy Research Working Pa-
per. Agriculture and Rural Development Team, New
York.
Tubiello, F. (2012). Climate change adaptation and
mitigation: Challenges and opportunities in the food
sector. Natural resources management and environ-
ment department, FAO, Rome.
Uddin, M. N., Bokelmann, W. & Entsminger, J. S.
(2014). Factors Affecting Farmers’ Adaptation
Strategies to Environmental Degradation and Climate
Change Effects: A Farm Level Study in Bangladesh.
Climate, 2 (4), 223–241.
Zuluaga, V., Labarta, R. & Läderach, P. (2015). Climate
Change Adaptation: The Case of the Coffee Sector in
Nicaragua. International Center of Tropical Agricul-
ture (CIAT), Selected Paper prepared for presentation
at the Agricultural & Applied Economics Association
and Western Agricultural Economics Association An-
nual Meeting, San Francisco, CA, July 26–28.
186 Musa Hasen Ahmed / J. Agr. Rural Develop. Trop. Subtrop. 117 - 1 (2016) 175–186







Sheep and Goat (adult) 0.13
Cow and Ox 1




Source: Storck et al. (1991)
